Changes in actual efficiency of PS II photochemistry, non-photochemical quenching (NPQ), content of xanthophylls and kinetics of de-epoxidation were studied in ABA-fed and non-ABA-fed leaves of rice and cabbage under NaCl stress. Salt stress induced more progressive decrease in actual efficiency of PS II photochemistry (VPS II), higher reduction state of PS II, and a small significant increase in NPQ in NaCl-sensitive rice plants as compared with NaCltolerant cabbage plants, whereas exogenously supplied ABA alleviated the decrease in actual efficiency of PS II photochemistry (VPS II), induced a lower reduction state of PS II, and caused higher capacity of NPQ in ABA-fed plants than in non-ABA-fed plants. As a result, there were higher activities of photosynthetic electron transport, higher capacity of energy dissipation, and lower cumulation of excess light in cabbage than in rice plants, and in ABA-fed leaves than in non-ABA-fed leaves. The effect of ABA was more efficient in cabbage than in rice plants. Addition of exogenous ABA resulted in enhancement of the size of the xanthophyll cycle pool, promotion of de-epoxidation of the xanthophyll cycle components, and a rise in the level of NPQ by altering the kinetics of de-epoxidation of the xanthophyll cycle. Protection from photodamage appears to be achieved by coordinated contributions by exogenous ABA and xanthophyll cycle-mediated NPQ. This variety of photoprotective mechanisms may be essential for conferring photodamage tolerance under NaCl stress.
Introduction
Salinity is one of the most common limiting environmental factors affecting plant growth and productivity (Akbar and Yabuno, 1972; Gao et al., 2007) . Significant changes occur in morphology, physiology, and metabolism under salinity stress. Photosynthesis is an important event used to monitor plant responses to abiotic constraints (Zhao et al., 2007) . The decline in productivity observed in many plant species subjected to excess salinity is often associated with the reduction in photosynthetic capacity (Brugnoli and Bjorkman, 1992; Lv et al., 2008) . The reduction in photosynthesis depends largely on the duration and severity of salinity stress imposed (Chaves et al., 2009) , and excess light intensity could aggravate this reduction (Demmig-Adams and Adams, 1996a) . However, plants have evolved several mechanisms to cope with the inhibition of salinity and excess light intensity on photosynthesis. One of the mechanisms by which plants avoid photodamage is radiationless dissipation of the excess excitation energy by the xanthophyll cycle observed under various environmental stresses (Niyogi et al., 1998; Qiu et al., 2003) . This cycle consists of light-dependent conversion of three xanthophylls in a cyclic reaction, i.e. violaxanthin (V) is de-epoxidized to zeaxanthin (Z) via an intermediate antheraxanthin (A) . Xanthophylls (violaxanthin, antheraxanthin, and zeaxanthin) present in the light harvesting complex II are supposed to play important roles in the photoprotection of plants against excess light stress. A well-known function of zeaxanthin is to promote rapid thermal energy dissipation, as revealed by energydependent fluorescence quenching (qE) which allows rapid down-regulation of photosystem II (PS II) energy capture under excess irradiance (Thiele et al., 1998) . The qE reflects the mechanism associated with both the PS II reaction centre and the light harvesting antennae of the PS II. The binding of de-epoxidized xanthophyll (A+Z) to the inner PS II antenna is considered to relate to non-photochemical energy dissipation (Gilmore et al., 1996) . Biochemical evidence indicated that violaxanthin, which acts as a precursor of abscisic acid (ABA) biosynthesis, is also involved in the protection of photosynthesis against salinity stress and excess light (Milborrow, 2001) .
On the other hand, a lot of results indicated that endogenous levels of ABA increased in response to a variety of stresses, including salinity (Cramer and Quarrie, 2002) . Since V serves as a common precursor for ABA involved in stress adaptation and Z, a carotenoid, is involved in energy dissipation (Kalituho et al., 2007) , it is reasonable to assume that plants supplied with exogenous ABA should show better protection against salinity stress damage, because more of the violaxanthin pool would be available for the formation of zeaxanthin, and thus enhance xanthophyll cycle activity. However, it has been reported that ABA may protect photosynthetic apparatus against photodamage by enhanced xanthophyll cycle (Ivanov et al., 1995) and an acceleration of the recovery of the PS II complex from the photo-inactivated state (Saradhi et al., 2000) . Therefore, the roles of ABA in photodamage and photoprotection remain to be elucidated (Quatrano et al., 1997) .
The genus Brassica, which is closely related to Arabidopsis thaliana [i.e. the same taxonomic family), includes six cultivated species, Brassica rapa/campestris (AA, 2n¼20), Brassica nigra (BB, 2n¼16), Brassica oleracea (CC, 2n¼18), Brassica juncea (AABB, 2n¼36), Brassica napus (AACC, 2n¼38), and Brassica carinata (BBCC, 2n¼34)]. For salinity tolerance, significant inter-and intra-specific variations exist within the Brassica genus (Kumar et al., 2009) . In contrast, rice is considered to be a salt-sensitive crop. In the present study, a salinity-tolerant cabbage cultivar Ai-Jiao-Huang (AJH) and a sensitive rice cultivar Zi-Hui 100 were used to explore the effects of exogenous ABA on the allocation of absorbed light energy by enhancing the xanthophyll cycle and interconversion efficiency of violaxanthin to antheraxanthin and zeaxanthin on the basis of investigation of the possible differences in xanthophyll cycle activity between salinity-tolerant plant species and salinity-sensitive plant species under salt stress.
Materials and methods
Plant material and growth conditions Seeds of rice cultivar Zi-Hui 100 (Oryza sativa subsp. japonica S. Kato) and Chinese cabbage cultivar AJH (B. campestris ssp. chininses var. communis Tsen et lee) were surface-sterilized by soaking them in freshly prepared solution of 3% (w/v) sodium hypochloride for 30 min and then washed thoroughly with distilled water. After germinating on moist filter paper for 72 h at 25°C, the germinated seeds were sown in pots containing quartz sand and supplied with full-strength Hoagland's solution. Seedlings were grown in a phytotron under 120 lmol m À2 s À1 photon irradiance at plant height at 3061°C/2561°C day/night with a photoperiod regime of 10/14 h day/night. When the third leaf was fully expanded, plants were divided into an ABA treatment (+ABA) group and a non-ABA-treatment (-ABA) group. ABA (25 lM) (6-cis,trans-ABA; Sigma) in 0.005% (v/v) Tween-20 and 0.005% (v/v) Tween-20 were sprayed daily onto leaves of seedlings until the fourth leaf was fully expanded in ABA treatment (+ABA) group and non-ABA-treatment (-ABA) group plants, respectively. Both ABA-treatment and non-ABA-treatment plants were further divided into non-salt-treatment subgroups (-ABA-NaCl, +ABA-NaCl) and salt-treatment subgroups (-ABA+NaCl, +ABA+ NaCl). The salt-treatment subgroup plants were transferred to culture solution containing 50 mM NaCl initially and then the NaCl concentration used was increased gradually at a rate of 50 mM per day until the final concentration of 150 mM was achieved. The non-salt-treatment subgroup plants were transferred to culture solution (Hoagland's solution) for 3 d. For excess light treatment, 1 d after NaCl or non-NaCl treatment was completed, all plants were transferred to different light intensity (0, 300, 600, 900, 1200, or 1500 lmol photons m À2 s
À1
) for 20 min.
Chlorophyll fluorescence measurement
Chlorophyll fluorescence measurement was made with a pulseamplitude-modulation (PAM-2000) portable fluorometer (Walz, Effeltrich, Germany) based on the procedures described by DemmigAdams and Adams (1996a). Briefly, the minimal fluorescence level (F o ) in the dark-adapted state was measured by measuring light that was sufficiently low (<0.1 lmol m À2 s
À1
) that it did not induce any significant variable fluorescence. To determine the minimal fluorescence level during illumination (F o #), the leaves were rapidly covered on the leaf clip holder with a piece of black cloth to avoid environmental light and simultaneously a far-red light (light intensity 7 lmol m À2 s
) was used via the multibranched fibreoptic system for 3 s to fully oxidize the leaf PS II centres. The maximal fluorescence level in the dark-adapted state (F m ) and the maximal fluorescence level during illumination (F m #) were measured by 0.8 s saturated pulse light at 3000 lmol m À2 s
. Steady-state fluorescence level during illumination (F s ) was determined by measuring light. The actual PS II photochemical efficiency (VPS II) and the maximal photochemical efficiency (F v /F m ) were calculated as (F m #ÀF s )/F m # and (F m ÀF o )/F m , respectively (Genty et al., 1989) . The photochemical quenching coefficient (qP) and non-photochemical quenching (NPQ) were calculated as (F m #À F s )/(F m #ÀF o #) (van Kooten and Snel, 1990) and F m /F m #À1 (Strasser et al., 1997) , respectively. The reduction state of the primary electron acceptor of PS II (Q) derived from the coefficient for photochemical quenching qP, given as 1-qP¼(
In total, 12 measurements were made for each treatment.
Quantitative analysis of pigments
The carotenoids of the xanthophyll cycle were determined according to the procedures described by Thayer and Björkman (1990) with some modifications. Samples were harvested at an indicated time and extracted in 100% ice-cold acetone. The pigment extracts were then filtered through a 0.45 lm membrane filter and separated and quantified by an HPLC system (Agilent 1100 series; USA) at room temperature. The mobile phase was composed of three solvents, i.e. acetonitrile, methanol, and ethylacetate. To achieve a better separation of the xanthophyll cycle pigments, the elution programme was formulated as follows: at first, pigments were eluted isocratically for 14.5 min with an acetonitrile/methanol (85:15 v/v) solvent system, followed by a 2.5 min linear gradient to 100% methanol/ethylacetate (68:32 v/v), which continued isocratically for 18 min. Total run time was 35 min. Flow rate was 1 ml min
À1
. Peaks were detected and integrated at 445 nm. Their concentrations were calculated from the corresponding peak area. The de-epoxidation state of the xanthophyll cycle carotenoids was calculated as a (Z+0.5A)/(V+A+Z) ratio (Müller et al ., 2006) . The calibration was performed using commercially available pigment standards (neoxanthin, V, A, Z, and lutein; DHI Water & Environment, Denmark). All measurements were repeated three times for each treatment.
Quantitative analysis of ABA ABA was quantified according to the procedure described by Nagar (1996) . Samples were homogenized in 80% chilled methanol containing 100 mg l À1 butylated hydroxytoluene (BHT). The homogenates were kept in the dark at 4°C for 24 h and then centrifuged at 12,000 rpm for 20 min. The residues were re-extracted three times with chilled methanol and centrifuged again at 12,000 rpm for 10 min. The freeze-dried supernatants were dissolved in 2 ml of 80% (v/v) aqueous methanol and prepurified through a Sep-Pak C18 cartridge column (Waters; USA). The partially purified methanol extracts were filtered through 0.45 lm Millipore filters and quantified by an HPLC system (Agilent 1100 series; USA) at room temperature. Elution was carried out with methanol/acetonitrile/0.6% acetic acid (50:5:45, v/v) at a flow rate of 0.5 ml min À1 . The column eluates were passed through a UV DA detector at 254 nm, and ABA was quantified by referring to an authentic standard of (6) ABA (Sigma Chemical Co., St Louis, MO, USA). All measurements were made from three replicates for each treatment.
Statistical analysis
Statistical analysis was performed using the data obtained from the independent measurement. Duncan's multiple range test and t-test were used to examine significant differences between different treatment plants. Differences were considered significant at a probability level of P#0.05.
Results
Effects of exogenous ABA on the actual efficiency of PS II photochemistry of NaCl-treated leaves Figure 1 shows the effects of exogenous ABA on the actual efficiency of PS II photochemistry of leaves of cabbage and rice plants with NaCl treatment under different photon flux densities (PFDs). VPS II of both cabbage and rice plant leaves decreased with the increment in PFD and a rapid decrease was observed at low levels of PFD. As compared with those of non-ABA-treated leaves of both species, ABA pre-treatment significantly slowed down this decreased progress. In addition, the VPS II values of rice leaves with or without ABA pre-treatment were lower than those of cabbage leaves, especially under higher PFDs (Fig. 1 ). Exogenous ABA also had significant influence on the reduction state of PS II and the activity of the energy dissipation process (as indicated by NPQ). The PS II reduction state increased much more rapidly along with the increase in PFD in non-ABA-fed leaves than in ABA-fed leaves, especially at low PFDs. Furthermore, the reduction state of PS II in the ABA-fed leaves of both species was much lower than in the non-ABA-fed leaves at all PFDs used. At 1500 lmol photons m À2 s À1 , the PS II remained at 80% and 90% of its reduction state in non-ABA-fed cabbage and rice leaves, respectively, which was significantly higher than that in ABA-fed cabbage (50%) and rice (70%) leaves, respectively. The NPQ values increased rapidly with an increase in PFD and no further significant increase in NPQ was observed when PFD was above ;700 lmol photons m À2 s À1 . However, the absolute values of the ABA-fed leaves were higher than those of the non-ABA-fed leaves when PFD was >300 lmol photons m À2 s À1 and the absolute values of NPQ of both ABA-fed and non-ABA-fed leaves of cabbage were higher than those of rice, especially under high-PFD conditions.
Effects of exogenous ABA on the allocation of absorbed light energy of NaCl-treated leaves Efficient allocation of absorbed light to photosynthetic electron transport is a key determinative factor of high photosynthetic efficiency and excess light is usually harmful to the photosystems due to so-called photoinhibition or photodamage. In the present study, we compared the effects of exogenous ABA treatment on the allocation of absorbed light energy in the NaCl-treated leaves of cabbage and rice plants. As shown in Table 1 , under an intense light condition (i.e. 1500 lmol photons m À2 s À1 ), the proportion of light energy absorbed allocated to photosynthetic electron transport (P%) in ABA-fed leaves increased from 11.6% to 19.5% for cabbage and from 3.6% to 12.8% for rice. Whereas the proportion of light energy absorbed allocated as excess energy (E%) decreased from 40.9% to 17.2% for cabbage and from 48.1% to 31.3% for rice. Furthermore, the allocation efficiency of light energy absorbed to photosynthetic electron transport (P%) and energy dissipation processes (D%) of cabbage leaves under treatment either with ABA or without ABA were significantly higher than those of rice leaves. The results in Table 1 showed that the E% values of four subgroup plants were obviously different. -ABA+NaCl subgroup plants would suffer from the most photodamage, while +ABA-NaCl subgroup plants would suffer from the least photodamage.
Effects of exogenous ABA on xanthophyll cycle pools and its relationship to PS II photochemical activity of NaCl-treated leaves under intense light condition Figure 2 shows the effects of exogenous ABA treatment on xanthophyll cycle pools and its relationship to PS II photochemical activity of NaCl-treated leaves of cabbage and rice under intense light condition. Under NaCl treatment conditions, ABA-fed leaves had a higher photosynthetic capacity than non-ABA-fed leaves, especially under intense light conditions (data not shown). According to the above results, it was supposed that ABA might play important roles in improving light energy distribution and in protecting photodamage under stress conditions. Here, we further analysed the size of the xanthophyll cycle pool, which was considered to be related to light energy distribution and photoinhibition (Demmig-Adams and Adams, 1996b; Niyogi et al., 1998) . The results showed that there was no obvious difference in the pool size of the xanthophyll cycle carotenoids between cabbage and rice when expressed as mmol mol À1 Chl (a+b). However, the pool size of the xanthophyll cycle carotenoids in ABA-fed leaves is larger than that in non-ABA-fed leaves of either cabbage or rice (Fig. 2 and Table 2 ). Significant differences were characterized in the content of the main components of the xanthophyll cycle either between treatments or between species. The content of zeaxanthin was significantly higher in ABA-fed leaves than in non-ABA-fed leaves, whereas the content of violaxanthin in ABA-fed leaves was much lower than in non-ABA-fed leaves. Under treatment either with or without ABA, the content of zeaxanthin of cabbage leaves was obviously higher than that of rice leaves.
Furthermore, exogenous ABA treatment significantly changed the proportion of zeaxanthin and antheraxanthin (V+A) to the sum of the carotenoids or total content of (V+Z+A), but had little effect on the content of lutein and neoxanthin (Fig. 2, Table 2 ). The ratio of (V+A) to (V+A+Z) was obviously higher in the +ABA+NaCl subgroup than in the +ABA-NaCl subgroup in cabbage plants, but not in rice plants. It implys that under salt stress exogenous ABA could increase the interconversion efficiency of violaxanthin to antheraxanthin and zeaxanthin in cabbage plants, but not in rice plants. ABA treatment also increased the NPQ efficiency and reduced the PS II reduction state of NaCl-treated leaves of both species under intense light (1500 lmol photons m À2 s À1 ) (Fig. 2) .
Effects of exogenous ABA on the size of the xanthophyll cycle pool of NaCl-treated leaves at intense light conditions ABA-fed leaves had a much higher content of violaxanthin compared with the non-ABA-fed leaves of cabbage and rice plants (Fig. 3) . Upon illumination, violaxanthin was deepoxidized to antheraxanthin and zeaxanthin, resulting in a rapid decrease in violaxanthin and accumulation of antheraxanthin and zeaxanthin (Fig. 3) . After 5 min of illumination, peak levels of antheraxanthin of both ABAfed and non-ABA-fed leaves were approached in both species, but the absolute levels of antheraxanthin in ABAfed leaves were much higher than in non-ABA-fed leaves. A rapid accumulation of zeaxanthin occurred upon illumination, and prolonged illumination did not result in a further accumulation of zeaxanthin in non-ABA-fed leaves. However, in ABA-fed leaves, the zeaxanthin levels increased continually throughout the experimental period and the final levels of zeaxanthin and antheraxanthin were nearly 2-fold higher in ABA-fed leaves compared with non-ABA-fed leaves of both species (Fig. 3) . As the results show, after 20 min of illumination, the de-epoxidation status in ABA-fed leaves was higher than in non-ABA-fed leaves (;94.3% compared with 67.1% in cabbage, and 73.8% compared with 54.1% in rice). Although the xanthophyll cycle is considered to play key roles in protecting plants against the potentially damaging effects of excess light, the mechanism for the dissipation of excess energy by xanthophylls (measured as NPQ) is controversial. Here we further designed experiments to determine the effects of de-epoxidation status and zeaxanthin concentration on the kinetics of the formation and relaxation of NPQ. Non-ABA-fed and ABA-fed leaves were pre-illuminated with saturated light (1500 lmol photons m À2 s À1 ) for different lengths of time to induce different extents of violaxanthin de-epoxidation and the relative rate of NPQ formed and NPQ relaxation were analysed (Fig. 4) . As the pre-illumination time was prolonged, the relative rate of NPQ formation increased for both non-ABA-fed and ABA-fed leaves; however, the relative rate of NPQ formation in ABA-fed leaves was lower than in non-ABAfed leaves (Fig. 4, Table 3 ). The kinetics of NPQ relaxation also depended on the length of the pre-illumination time. As the pre-illumination time increased, the relative rate of NPQ relaxation became slower, and ABA treatment stimulated NPQ relaxation. Obvious differences in NPQ formed and relaxation rates were also observed between cabbage and rice. The t 1/2 values of NPQ formed and relaxation in rice leaves were lower and higher than in cabbage leaves, respectively, under the same conditions (Fig. 4, Table 3 ).
Discussion
Factors caused the photodamage under salt stress Salt tolerance in plants depends on a range of adaptations including ion compartmentalization, osmotic adaptation, succulence, selective transport and uptake of ions, enzyme responses, and salt excretion. Based on the hypothesis of ionic and osmotic homeostasis, rice and cabbage are quite different plant species from either a biological or an ecological point of view, and have different mechanisms of coping with salt stress. However, salt-tolerant B. rapa/ campestris responds to NaCl-induced photodamage by a xanthophyll cycle very similar to that of rice (O. sativa) plants. In addition, ABA is synthesized from violaxanthin, which is essential for the xanthophyll cycle. Until now, the resulting concepts of physiological roles of ABA in the majority targeted stomatal closure, embryo morphogenesis, development of seeds, and synthesis of storage proteins and lipids, germination, leaf senescence, and defence against pathogens, but protection against photodamage by enhancing the xanthophyll cycle under salt stress is deservedly attempted. Photodamage by NaCl may be a consequence of salinity induction of stomatal closure, caused by the reduction in osmotic potential, and/or non-stomatal inhibition of photosynthesis, caused by direct effects of NaCl on the photosynthetic apparatus, independently of stomatal closure (Zhao et al., 2007) . A consequence of the salinityinduced limitation of photosynthetic capacity is harmful to PS II due to over-reduction of reaction centres when plants are exposed to excess light energy (Demmig-Adams and Adams, 1996a, b) . Plants under natural conditions are frequently exposed to an excess of electromagnetic radiation which cannot be completely utilized in photosynthesis. This excess radiation can exhibit a damaging effect on the photosynthetic apparatus. The damaging reaction is termed The allocation of absorbed light is quantified based on the measurements of chlorophyll fluorescence. The fraction of absorbed light used for electron transport ( Protective role of xanthophylls and ABA under NaCl stress | 4621 photoinhibition, and its target is also PS II. In the present research significant reduction of VPS II and F v /F m in NaCltreated plants suggested that non-stomatal inhibition of photosynthesis, caused by direct effects of NaCl on the photosynthetic apparatus independently of stomatal closure, might be the major factor responsible for the drastic photodamage.
Effects of exogenous ABA on the allocation of absorbed light energy by enhancement of the xanthophyll cycle pool When plants are exposed to an excessive light environment, photoinhibition and even photodamage to the photosynthetic reaction centre occur if the excessive light energy absorbed cannot be dissipated rapidly. One such mechanism by which this may be achieved is regulated thermal dissipation occurring in the light harvesting complex through the xanthophyll cycle, although its exact mechanism of action still remains to be elucidated. The xanthophyll cycle, existing in the thylakoid membranes of all higher plants, comprises intercoversions of three carotenoid pigments, violaxanthin, antheraxanthin, and zeaxanthin, which are catalysed by two enzymes, violaxanthin de-epoxidase (VDE, EC: 1.10.99.3) and zeaxanthin epoxidase (ZEP, EC: 1.14.13.90). It is reasonably assumed that the size of the xanthophyll cycle pool and its interconversion efficiency are key factors in photoprotection against excessive light stress. On the other hand ABA biosynthesis is mainly through an indirect pathway, that is, ABA is synthesized from carotenoids through a series of enzymic reactions (Milborrow, 2001; Nambara and Marion-Poll, 2005) . From the biochemical viewpoint, the xanthophyll cycle and ABA biosynthesis might compete for carotenoids, especially under stress conditions when ABA biosynthesis is stimulated and/ or in the case that the carotenoid pool is not large enough to meet concurrently the xanthophyll cycle and ABA biosynthesis. Therefore, it is reasonable to assume that, under environmental stress conditions, plants are more prone to high-light damage due to limited carotenoid partitioning to the xanthophyll cycle. In other words, exogenous ABA application to stressed plants would alleviate the excessive light damage because it might relieve the competition of the xanthophyll cycle for carotenoids and thus form more antheraxanthin and zeaxanthin used for dissipating excessive energy. In the present study, experiments were carried out to verify the above hypotheses. First, in non-exogenous ABA subgroups, the E (excess light energy) values, for example, were 22.9% and 48.1% in the -ABA-NaCl subgroup and the -ABA+NaCl subgroup, respectively, in rice plants. There was a great difference of 25.2%, implying that the high-light damage was much more severe in -ABA+NaCl subgroup than in -ABA-NaCl subgroup rice plants. Studies showed that this photoinhibition was largely due to less partitioning of the absorbed light to photosynthetic electron transport (P%) and more excess light (E%) ( Table 1) . Secondly, in the exogenous ABA subgroups (+ABA-NaCl Protective role of xanthophylls and ABA under NaCl stress | 4623 and +ABA+NaCl plants), the E% values were 16.4% and 31.3%, respectively, in rice plants. There was a narrow range of 14.9%, implying that the photodamage was alleviated in +ABA+NaCl subgroup rice plants. Results showed that this alleviated photoinhibition was largely due to more partitioning of the absorbed light to photosynthetic electron transport (P%) and less excess light (E%) as compared with non-exogenous ABA subgroup rice plants (Table 1) . Thirdly, the effects of exogenous ABA on the xanthophyll cycle were different between cabbage and rice plants under salt stress. The ratio of (V+A) to (V+A+Z) was obviously higher in the +ABA+NaCl subgroup than in the +ABA-NaCl subgroup in cabbage plants, but not in rice plants. This implies that under salt stress exogenous ABA could increase interconversion efficiency of violaxanthin to antheraxanthin and zeaxanthin in cabbage plants, but not in rice plants (Fig. 2 ). In conclusion, it was found that the effects of exogenous ABA were largely due to change in the allocation of absorbed light energy by an increase in the size of the xanthophyll cycle pool in both cabbage and rice plants. Furthermore, the effects of exogenous ABA also enhanced the efficiency of interconversion of violaxanthin to antheraxanthin and zeaxanthin, especially under NaCl stress only in cabbage plants (Figs 2, 3, Table 2 ). In addition, obvious differences in the responses of photochemistry and the xanthophyll cycle to NaCl treatment and exogenous ABA application were observed between rice and cabbage plants, especially under excessive light (Figs 1-3 , Tables 1, 2 ). Rice plants were more susceptible to NaCl treatment than cabbage plants in terms of photochemistry (such as NPQ and VPS II) (Figs 1-3 ) and exogenous ABA application did alleviate excessive light effects in NaCl-treated plants. However, the mechanisms of ABA might be different because ABA did increase the size of the xanthophyll cycle pool in cabbage and rice plants, but not the interconversion efficiency of violaxanthin to antheraxanthin and zeaxanthin in rice plants (Figs 2, 3, Table 2 ). It is a very interesting question and merits deeper exploration. 
